In the present study, we used patient data as source data and patients have not formally accepted to share their data on the web, even if fully anonymized. Therefore, the items of the dataset that we are able to share (no names, nodates, no identifier) are added as supplementary files.

Introduction {#sec005}
============

Diffuse type tenosynovial giant cell tumors (TCGT) is a rare locally aggressive connective tissue tumor of the joints, affecting mostly young adults, with a predominance on the knee and ankle \[[@pone.0233046.ref001]--[@pone.0233046.ref004]\]. dTGCT frequently present at \[[@pone.0233046.ref001];[@pone.0233046.ref002]\] translocation encoding for a fusion gene *CSF1/COL6A3* whose protein product plays a key role in tumor growth \[[@pone.0233046.ref005]--[@pone.0233046.ref007]\]. Surgical resection is the recommended treatment in first line \[[@pone.0233046.ref001]--[@pone.0233046.ref005]\].

However, local relapses frequently occur resulting in swelling, pain and functional impairement which are the hallmark of the disease \[[@pone.0233046.ref004],[@pone.0233046.ref005]\]. Surgery is rarely curative after relapse with a 12% reported LRFS at 5 years in a large study \[[@pone.0233046.ref004]\]. Amputations may be required only very rarely in very large tumors; dTGCT metastasize very rarely \[[@pone.0233046.ref004]\].

Before CSF1R antagonists, either tyrosine kinase inhibitors (TKI) or antibodies, the medical treatments for relapsing and inoperable tumors had limited efficacy \[[@pone.0233046.ref001]--[@pone.0233046.ref003]\]. CSF1R antagonists have been reported to yield volumetric response and symptom relief in patients with inoperable diffuse type tenosynovial giant cell tumors (TCGT) \[[@pone.0233046.ref009]--[@pone.0233046.ref016]\]. Imatinib exerts CSF1R inhibitory activity, and was first reported as active in TGCT/PVNS in a case report in 2008 \[[@pone.0233046.ref009]\]. The clinical efficacy of tyrosine kinase inhibitors blocking CSF1R (imatinib, nilotinib, pexidartinib) and antibodies against CSF1R (emactuzumab, cabiralizumab) has been then confirmed in several retrospective clinical studies for imatinib \[[@pone.0233046.ref010],[@pone.0233046.ref011]\], as well as prospective clinical trials, with emactuzumab \[[@pone.0233046.ref012]\], nilotinib \[[@pone.0233046.ref013]\], pexidatinib \[[@pone.0233046.ref014],[@pone.0233046.ref015]\] and cabiralizumab \[[@pone.0233046.ref016]\].

Recently, Tap et al reported on a pivotal randomized phase III study comparing placebo with pexidartinib showing that tumor response was significantly higher with pexidartinib, and that patient reported outcome and function improved during treatment with pexidartinib as compared to placebo in this randomized double blind study \[[@pone.0233046.ref015]\]. Pexidartinib was recently approved for the treatment of dTGCT by the FDA. In addition to first demonstrate the clinical value of a TKI in this disease with unmet medical needs, this important study also proves that it is feasible to perform a randomized clinical trial in such a rare disease.

TKIs and Ab are administered during a limited period of time in all these studies, from few weeks to 12 months most often \[[@pone.0233046.ref008]--[@pone.0233046.ref016]\]. In the nilotinib phase II study, 30% of the patients stable after 12 months relapsed after nilotinib interruption, with 4 year PFS of 54% \[[@pone.0233046.ref013]\]. The impact of a retreatment with the same TKI or other CSF1R on dTGCT related pain and functional impairement has seldom been reported outside single cases \[[@pone.0233046.ref009],[@pone.0233046.ref011]\].

Given the favorable life expectancy of these patients, it would be of importance to define a long term strategy for the medical treatment with CSF1R antagonists of patients with inoperable dTGCT treated with short term duration of TKI.

In the present work, we report a single center retrospective experience of the long term medical treatment of 39 advanced dTGCT, using sequential CSF1R antagonist treatments.

Materials and methods {#sec006}
=====================

Patients {#sec007}
--------

Since Jan 2007, 39 patients referred to the Centre Leon Berard for a therapeutic decision for a dTGCT received a systemic treatment. These 39 patients represented 39% of the 101 patients with a central pathology confirmed dTGCT refered to the center during this time period. Central pathology review was obtained for all the patients, within the Reference pathology Centre of the Centre Leon Berard, according to the rules of the French NCI (INCa) with the NETSARC \[[@pone.0233046.ref017],[@pone.0233046.ref018]\]. The histological diagnosis of dTGCT was not confirmed in 16 of the 117 patients refered to the center during this time period. Giant cell tumor of the bone was the most frequent histological subtype for those unconfirmed dTGCT (not shown).

[Table 1](#pone.0233046.t001){ref-type="table"} describes the clinical characteristics of these 39 patients.

10.1371/journal.pone.0233046.t001

###### Characteristics of patients treated with CSF1R inhibitors.

![](pone.0233046.t001){#pone.0233046.t001g}

                                                  Mean (Range)        n (%)
  ----------------------------------------------- ------------------- ------------
  **Gender**                                                          
  Men                                                                 13 (33%)
  Women                                                               26 (67%)
  **Age at diagnosis** (years)                    34.9 (13.2--59.3)   
  **Age at TKI initiation** (years)               40.4 (13.6--65.2)   
  **Disease location**                                                
  Knee                                                                17 (43.6%)
  Ankle                                                               9 (23.1%)
  Foot                                                                4 (10.3%)
  Elbow                                                               3 (7.7%)
  Hip                                                                 2 (5.1%)
  Wrist                                                               2 (5.1%)
  Hand                                                                1(2.6%)
  Finger                                                              1 (2.6%)
  **Previous surgeries for TGCT**                                     29 (74.4%)
  **Time from diagnosis to CSF1Ri** (years)       5 .5 (0.03--37.8)   
  **Time from first surgery to CSF1Ri** (years)   6.4 (0.7--37.8)     
  **First line treatment**                                            
  Imatinib                                                            15 (38.5%)
  Nilotinib                                                           4 (10.3%)
  Emactuzumab                                                         12 (30.8%)
  Pexidartinib                                                        2 (5.1%)
  Other                                                               6 (15.4%)

A retrospective collection of clinical history and treatment of these 39 patients was conducted, with the approval of the Institutional Review Board of the Centre Leon Berard (Comité de Revue des Etudes Cliniques, CREC, 28, rue Laennec 69008 Lyon on the date of Jan 19^th^, 2019, Chair Dr Th. Bachelot), in addition to the data collected within the NETSARC and RREPS programs. Data on initial clinical presentation, past local and systemic treatments, response, outcome after treatment and present status of the patient were collected.

Treatment with TKI were given in 39 patients with tumors deemed inoperable and/or in whom surgery would not bring a clinical benefit. Treatment were given as part of a compassionate off label use, or as part of clinical trials for experimental agents (NCT02371369, NCT01261429) which were previously published in peer reviewed journals \[[@pone.0233046.ref013],[@pone.0233046.ref015],[@pone.0233046.ref016]\]. The diagnosis of operability/non operability was taken by the weekly NETSARC multidisciplinary tumor board (MDT) dedicated to connective tissue tumors in place in the Centre Leon Berard, with a consensus obtained including 2 to 4 surgeons with expertise from connective tissue tumors. Generally, it was considered that surgery was the first treatment of choice if complete macroscopic resection of the tumor was deemed feasible for patients not previously operated. When complete macroscopic resection of the tumor was deemed not achievable at relapse (or would have required an amputation or a mutilating surgery not approved by the patient), patients were considered as "non-operable". The local extension of the disease, in these patients with mostly with multiple relapses, was often multifocal and involved both joints and tendon sheath.

Statistics {#sec008}
----------

Descriptive analysis of the patient population, and comparison between subgroups were performed using the IBM SPSS 23.0 package (IBM, Paris, France).

Results {#sec009}
=======

[Table 1](#pone.0233046.t001){ref-type="table"} presents the clinical characteristics of the 39 patients who have received a TKI, as compassionate use (imatinib, nilotinib,...), or within clinical trials for tyrosine kinase inhibitors or CSF1R Ab ([Table 1](#pone.0233046.t001){ref-type="table"}). The median duration of the first line treatment for these 39 patients was 7 months (range 1--30+): 35 of these 39 (89.7%) of patients stopped the treatment for another reason than volumetric progression. With a median follow-up of 30 months since the initiation of first line TKI, 15 (38%) presented a novel volumetric progression and/or worsening symptoms, 11 after treatment discontinuation. Tumor progression was reported in 13 of 15 (87%) and worsening symptoms only in n = 2 (13%). Median time to progression (TTP) is not reached for these 39 patients: progression free rate was 56% at 30 months at the time of the analysis ([Table 2](#pone.0233046.t002){ref-type="table"} & [Fig 1](#pone.0233046.g001){ref-type="fig"}).

![Time to progression after line 1, 2, and 3.](pone.0233046.g001){#pone.0233046.g001}

10.1371/journal.pone.0233046.t002

###### Description of the lines of treatment.

![](pone.0233046.t002){#pone.0233046.t002g}

                  N          Duration of Treatment Months[^1^](#t002fn001){ref-type="table-fn"}   Volume Response N (%)   Symptom Improvement N (%)   Reason for interruption N(%)   TTP (median)[^2^](#t002fn002){ref-type="table-fn"} (TTP-range[^5^](#t002fn005){ref-type="table-fn"})                                                  
  --------------- ---------- -------------------------------------------------------------------- ----------------------- --------------------------- ------------------------------ ------------------------------------------------------------------------------------------------------ -------------- --------------- --------------- ---------------------
  **Line 1**                                                                                                                                                                                                                                                                                                                               
  ***All***       *39*       ***7*.*0 (1--30)***                                                  ***13 (33)***           ***20 (52)***               ***6 (15)***                   ***24 (62)***                                                                                          ***2 (5)***    ***12 (31)***   ***25 (64)***   ***56%\* (3--29)***
  *Imatinib*      *15*       *8*.*5 (1--30)*                                                      *3 (33)*                *9(60)*                     *3 (20)*                       *11 (73)*                                                                                              *1 (7)*        *3(21)*         *11 (72)*       *12 (3--14)*
  *Nilotinib*     *4*        *10*.*0 (7--12)*                                                     *0*                     *4 (100)*                   *0*                            *2 (50)*                                                                                               *1 (25)*       *1(25)*         *2 (50))*       *17 (9--18)*
  *Emactuzumab*   *12*       *3*.*7 (1--8)*                                                       *4(33)*                 *6 (50)*                    *2 (17)*                       *7(68)*                                                                                                *0*            *4 (33)*        *8(66)*         *70%\* (6--15)*
  *Pexidatinib*   *2*        *12(12--12)*                                                         *2(100)*                *0*                         *0*                            *2 (100)*                                                                                              *0*            *0*             *2(100)*        *NA*
  *Others*        *6*        *6*.*7 (2--10)*                                                      *2(33)*                 *3(50)*                     *1 (17)*                       *3(50)*                                                                                                *0*            *3(50)*         *3(50)*         *12 (11--29)*
  **Line 2**                                                                                                                                                                                                                                                                                                                               
  ***All***       ***12***   ***6*.*1 (2--29)***                                                  ***8 (66)***            ***4(33)***                 ***0***                        ***10 (84)***                                                                                          ***2 (17)***   ***3(25)***     ***7(58)***     ***12 (2--37)***
  *Imatinib*      *7*        *7*.*8 (2--29)*                                                      *6 (86)*                *1(14)*                     *0*                            *6 (86)*                                                                                               *1 (14)*       *3 (43)*        *3(43)*         *11 (6--13)*
  *Nilotinib*     *1*        *2*                                                                  *1*                     *0*                         *0*                            *0*                                                                                                    *1*            *0*             *0*             *2 (n = 1)*
  *Emactuzumab*   *3*        *4(2--5)*                                                            *1(33)*                 *2(66)*                     *0*                            *2 (66)*                                                                                               *0*            *0*             *3*             *37 (n = 1)*
  *Others*        *1*        *4*                                                                  *0*                     *1(100)*                    *0*                            *1*                                                                                                    *0*            *0*             *1*             *no PD@ 8 months*
  **Line 3**                                                                                                                                                                                                                                                                                                                               
  ***All***       ***5***    ***5(1--7)***                                                        ***2 (33)***            ***3 (50)***                ***0***                        ***3(50)***                                                                                            ***0***        ***2 (40)***    ***3(60)***     ***9*.*0 (2--9)***
  *Imatinib*      *3*        *5(2--7)*                                                            *1 (33)*                *2 (66)*                    *0*                            *2(66)*                                                                                                *0*            *1 (33)*        *2 (66)*        *9*.*0 (6--9)*
  *Pazopanib*     *1*        *1*                                                                  *0*                     *1*                         *0*                            *1*                                                                                                    *0*            *1*             *0*             *2 (n = 1)*
  *Emactuzumab*   *1*        *6*                                                                  *1*                     *0*                         *0*                            *0*                                                                                                    *0*            *0*             *1*             *no PD @ 58 months*

1: Median (range)

2: Median (months) or \*% progression-free at 30 months if median not reached

3: Adverse event

4: Other: patients in whom the treatment was not interrupted for progression or AE, or patients in whom treatment is still ongoing at the time of the analysis.

5: TTP-range in the subgroup of patients who reprogressed

NA: not applicable

VR: volumetric response.

Twelve of these 15 (80%) patients restarted a TKI in second line, 11/12 (92%) because of volumetric progression with symptoms, 1/12 (8%) because of symptoms without volumetric progression. Median duration of treatment was 6 months (range 2--29). Median TTP was 12 months for a median follow-up of 29 months ([Table 2](#pone.0233046.t002){ref-type="table"}, [Fig 2](#pone.0233046.g002){ref-type="fig"}). These 12 patients received the same (n = 2) or another (n = 10) CSF1R antagonist. 6 (50%) patients had progression and worsening symptoms after this second line, including 2 (16%) during second line treatment ([Table 2](#pone.0233046.t002){ref-type="table"}).

![Swimmer plot showing the duration of TKI treatment and TTP for the sequential lines in individual patients.](pone.0233046.g002){#pone.0233046.g002}

Five of these 6 (83%) patients who received a second line treatment received a 3rd line treatment, for a median duration of 5 months (range 1--7) ([Table 2](#pone.0233046.t002){ref-type="table"}) and with a median time to progression of 9 months ([Table 2](#pone.0233046.t002){ref-type="table"}). 3 patients progressed (60%), 2 (40%) during treatment (imatinib & pazopanib for 1 patient each). Two patients received 4th line (both imatinib) and one received a 5th line treatment (sunitinib).

[Fig 2](#pone.0233046.g002){ref-type="fig"} shows the duration of treatment and TTP for each individual patients and lines. Most patients had a prolonged TTP after treatment interruption. Duration of treatment was not correlated to TTP after interruption (not shown).

The compared duration of treatment, time to progression and time to next treatment according to the different agents used are presented in [Table 2](#pone.0233046.t002){ref-type="table"}. The small number of patients and the retrospective nature of the study precludes the comparison of the outcome according to the different the TKI or Ab used. One patient each received twice imatinib and thrice imatinib, all progressing after the interruption of imatinib. The first one had a shorter duration of efficacy in second line (9 vs 12 months) while the other had a similar duration of treatment efficacy.

Discussion {#sec010}
==========

Tyrosine kinase inhibitors of CSF1R have become the medical treatment of choice for relapsing or inoperable dTGCT, and a growing number of patients are receiving these treatments \[[@pone.0233046.ref009]--[@pone.0233046.ref016]\]. dTGCT is rarely a life-threatening disease. No deaths were observed in the 101 patients refered to us since 12 years. As a consequence, the majority of patients with inoperable dTGCT will be followed for a long period of time. The long term outcome of patients with dTGCT receiving TKI treatment has rarely been reported, even in prospective studies. The objective of the present study was to provide a description of the long term outcome of patients with dTGCT in the era of tyrosine kinase inhibitors which have been used for advanced dTGCT since 12 years in this center.

The present study shows first that the majority of the 39 patients with inoperable and/or relapsing dTGCT who received first line CSF1R antagonist have not progressed nor required additional treatment after first line treatment interruption during the observation period. While first line median treatment duration was 7 months, the proportion of patients who have not progressed at 30 month is 56%, a proportion consistent with that reported in the previous prospective multicentric nilotinib phase II study \[[@pone.0233046.ref013]\]. The median follow-up of patients treated with first line TKI is however of 30 months only, and relapses at a longer term are likely to be observed, even though a plateau is observed after this date in this series.

A significant proportion of patients treated with a short term duration of TKI treatment do not progress rapidly after treatment interruption. Actually, four patients of this series are progression-free at 5 years after a duration of treatment inferior to 12 months. It is interesting to note that the majority of these patients still have clinically or radiologically detectable tumor.

Secondary volumetric and/or symptomatic progression occurred however in 15 patients, and 80% of these received a second line of CSF1R TK inhibitors. We used the terminology of line of treatment similar to that used for patients with advanced sarcoma receiving cytotoxics at each progression or symptoms requiring a novel treatment, even if the same treatment (eg imatinib) was reinstated for progression after discontinuation. The treatment was again given for a short period of time, shorter than in first line. However, again most patients benefited from this treatment, with a median time to progression of 12 months. While this is shorter than in first line treatment, 3 (25%) patients again reached a long TTP. These data show that second line CSF1R TKI are active in dTGCT, providing symptom relief and tumor control in a large proportion of patients.

Again, 6 (50%) of patients treated in second line progressed and became more symptomatic. These received a third line TKI, mostly with a different agent, within a clinical trial or as compassionate use. Treatment duration was again shorter in third line, with a median of 7 months, but median TTP was 9 months and 2 patients again benefited from long term tumor control.

The patients of this series received a variety of treatments either in clinical trials or in compassionate use. Similar or different treatment were used in the subsequent lines for the individual patients. A meaningful comparison of the impact of the different treatment is of course not possible in such series, but it will be of importance to report the long term outcome of patients included in clinical trials.

There are several limitations in this study. First it is a single center, retrospective collection of patient observation over a 10 year period. A standardized description of symptoms and/or side effects leading to treatment decisions is lacking because of the retrospective nature of the study. The qualification of inoperable tumor in connective tissue tumors is debated, being related to both local extension, previous treatment in particular. In these patients, and as part of the standard procedure, a tumor is deemed inoperable after multidisciplinary evaluation in the multidisciplinary tumor board with at least 2 specialized surgeons. This is therefore a patient population identified by a multidisciplinary group of investigators specialized in connective tissue tumors. Importantly, only a minority of the patients referred for this team for medical treatment (39/101) were actually considered as inoperable and proposed for a medical treatment. Another limitation is that this retrospective study used an heterogenous set of CSF1R inhibitors with a broad (imatinib nilotinib.) or narrow (Abs, pexidartinib) spectrum of activity on tyrosine kinase; while comparison of agents is not feasible, it is still likely that future agents will be more often TKI or Abs with specific CSF1R inhibitory activities.

In this series, we observed that a short duration of administration of a CSF1R inhibitor can provide long term progression-free survival, after treatment interruption, in over 50% of patients with TGCT. Patients with recurrence of symptoms or progression may receive multiple lines of TKI. These treatments most often provide symptom relief and progression arrest, comparing favorably with those observed with secondary surgery \[[@pone.0233046.ref010]\]. The mechanisms and biomarkers predicting for long term control of locally TGCT treated with TKI are not known and deserve further investigation, considering in particular the molecular heterogeneity of this disease \[[@pone.0233046.ref019]\].

The value of secondary surgery has not been assessed in this study. A downstaging previous to surgical removal, instead of prolonged treatment could be a preferred option in relapsing dTGCT. Several considerations precluded the application of surgery in this period of observation: 1) most patients had minor shrinkage, 2) the uncertainty on the benefits of secondary surgical treatment, 3) the reluctance of many patients to undergo surgery in this situation of uncertainty. It is important to note that the benefit of secondary surgery was not obvious in an exploratory substudy of the nilogist trial \[[@pone.0233046.ref013]\].

In conclusion, relapsing or unresectable dTGCT is a rare neoplasia, for which a large number of active medical treatment providing tumor shrinkage and symptom relief are now described. First line TKI controls tumor progression in over 50% of the 39 patients at 30 months. For the remaining patients with relapsing disease after treatment interruption, the long term therapeutic strategies need to be defined taking into account the very favorable life expectancy of these patient and the functional consequences of tumor progression. Strategies involving short term treatment and drug holiday phases may deserve to be tested prospectively for this chronic disease.
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1\. Although the authors state that inclusion criteria included non-operable or relapse disease - they did not describe their rationale for inclusion with any other details. Non-operable disease can be very surgeon-dependent and may cover a broad spectrum. Similarly, recurrence is fairly common and one recurrence following inadequate surgery is very different from 4 recurrences after extensive surgical intervention.

2\. Since the most common location is the knee joint and since the ultimate sequel is degenerative joint disease, I would expect that some of these patients would have gone on to joint replacement surgery or at least would be evaluated in terms of joint pain. There is very little information regarding the type of limitations or discomfort and other methods of management.

3\. Joint disease is often surgically different from disease arising from the tendon sheath - I am not sure this distinction was made either. It has some implications in terms of surgical approach, ability to access or visualize disease, and ability to debride.

4\. While non-specific drugs ie: imantinib initiated the interest in targeted therapy - it is likely more relevant to know the impact of CSF1R specific therapy. I imagine most clinicians would prefer to start with a specific and narrowly targeted agent, rather than a broader or less specific - even if historically these were used. I think the discussion may need to address the fact that this is an evolving landscape and that some of the treatment modalities will be less relevant but still perhaps lend interesting insight.

5\. I wonder why there is no mention of using the medication to downstage patients from \"in-operable\" to \"operable\"? In other words - were any of the patients more amendable to surgical resection after medical management, were they not, and why? Was this a consideration at the time? I think the relevance is that this is preferably a surgical disease - and most imagine that indefinite medical management will be less preferred.

6\. While including many different locations, patients, and medical treatments increases the cohort size - I wonder if it provides instructive information for clinical application. For example - it may be more useful for us to know that in patients with 2 recurrences - following reasonable surgical efforts, use of a CSF1R specific drug resulted in durable PFD for x number of months. This is hard to do with so many different medications, patients, tumors, locations, etc. At a minimum should be discussed.

7\. No real limitations to the study are presented or discussed.

8\. Some grammatical and stylistic issues need to be addressed. For example - on line 73 it reads \"\...the treatment of dTGCT by the.\" The sentence is unfinished.

Reviewer \#2: This is a highly relevant topic, with a nice review of a single center\'s experience with anti-CSF1R treatment for diffuse tenosynovial giant cell tumor. This is an interesting and clinically applicable study population, though the variability of treatments, durations of treatments, and differences in context (compassionate use versus clinical trial) can confuse the interpretation of the findings. Some specific comments are included below:

Abstract \-- With a median follow-up of 30 months, the time to progression (TTP) is 56% at 30 months. That is not a time to progression. Please clarify. I think I understand the authors\' meaning, but it reads awkwardly.

\"Sequential therapeutic strategy should be explored in patients with multiple relapses.\" I am not sure that the results and findings of this retrospective analysis of only patients on treatment, including only 39 patients, with various therapies, mostly with short followup, is particularly strong in supporting this statement.

The duration of treatment for many of these patients appear to be dictated by clinical trial. Perhaps this is an inaccurate assumption. However, that limits conclusions that can be drawn regarding duration of treatment.

Some spelling errors were identified (line 136, for example). Not sure that "reprogress" is a word in the Oxford English Dictionary (line 209)

In reality, this is a study of 39 patients treated with anti-CSF1R therapy, rather than the 101 suggested, with a median duration of 7 months. There is no clear indication for consideration of the other 62 patients who were not on treatment. There is no comparison of the anti-CSF1R group to those off treatment, so the abstract and manuscript should really more accurately reflect that this is a study of 39 patients.

If 15 patients progressed, but only 4 stopped first line therapy for progression, it begs the question: why didn't the other patients with progression stop first line treatment for that reason?

Table 2 -- combining "Adverse Events" with \"patient request\" makes conclusions difficult; please also clarify "scheduled treatment discontinuation or ongoing treatment" -- as this would seem as though patients with ongoing treatment will be included in the reasons for discontinuation. The numbers don't seem to reflect that, though. Please clarify.

Line 183 -- Please clarify how the two patients who started the same CSF1R inhibitor as second line therapy for either progression with symptoms or symptoms without progression would still count as second line therapy. At first glance, that would seem to be continuation on therapy if the antagonist is the same. Presumably, these are patients who completed treatment, demonstrated progression off treatment, and were re-started on therapy again. To include this scenario (relapse after completion of therapy) together with patients who progressed on therapy really confuses the overall analysis. This is a large limitation of the current study.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0233046.r002

Author response to Decision Letter 0

9 Jan 2020

Reviewer \#1: The authors present a retrospective review of patients treated with multiple tyrosine kinase inhibitors for dTGCT with long term follow up. They present the data and base their conclusion in terms of progression, the line of therapy used, and the medications employed. I am not aware of a similar review at this time and in this regard, feel it offers some valuable information for clinicians and patients.

I have a few questions or concerns.

1\. Although the authors state that inclusion criteria included non-operable or relapse disease - they did not describe their rationale for inclusion with any other details. Non-operable disease can be very surgeon-dependent and may cover a broad spectrum. Similarly, recurrence is fairly common and one recurrence following inadequate surgery is very different from 4 recurrences after extensive surgical intervention.

Answer: We fully agree with this comment. The definition of operability varies considerably according to the surgeon for connective tissue tumors, including across reference centers. In this single-center retrospective study, the diagnosis of operability/non operability was taken by the MDT in place on the site, with a consensus always obtained from 2 to 4 surgeons with expertise from connective tissue tumors. It was considered that surgery was the first treatment of choice in complete macroscopic resection of the tumor was deemed feasible for patients not previously operated. When complete macroscopic resection of the tumor was deemed not achievable at relapse (or would have required an amputation), patients were considered as non-operable. This was added in the material and methods section, chapter description of the patients, in this revised version. Please see page 4.

2\. Since the most common location is the knee joint and since the ultimate sequel is degenerative joint disease, I would expect that some of these patients would have gone on to joint replacement surgery or at least would be evaluated in terms of joint pain. There is very little information regarding the type of limitations or discomfort and other methods of management.

Answer: This is an important point indeed. Because of the retrospective nature of the study, it can not be claimed that an exhaustive collection of symptoms was performed: pain, swelling, functional impairment were most often reported. The decision of treatment with TKI was discussed and taken only if clinical symptoms significantly impaired patient life and joint function, and if requested by the patient. Knee replacement was considered for some patients but not performed in any of these patients treated with TKI (yet). This was added in the discussion section. Please see page 7 of this revised version.

3\. Joint disease is often surgically different from disease arising from the tendon sheath - I am not sure this distinction was made either. It has some implications in terms of surgical approach, ability to access or visualize disease, and ability to debride.

Answer: We also agree with this comment. The local extension of the disease in these patients who mostly have multiple relapses, was often multifocal and involved both joints and tendon sheath. This was added in the Material and Methods section of the revised version.

4\. While non-specific drugs ie: imatinib initiated the interest in targeted therapy - it is likely more relevant to know the impact of CSF1R specific therapy. I imagine most clinicians would prefer to start with a specific and narrowly targeted agent, rather than a broader or less specific - even if historically these were used. I think the discussion may need to address the fact that this is an evolving landscape and that some of the treatment modalities will be less relevant but still perhaps lend interesting insight.

Answer: We agree with this comment. The text was amended accordingly, and now includes a new paragraph in the Discussion section.

5\. I wonder why there is no mention of using the medication to downstage patients from \"in-operable\" to \"operable\"? In other words - were any of the patients more amendable to surgical resection after medical management, were they not, and why? Was this a consideration at the time? I think the relevance is that this is preferably a surgical disease - and most imagine that indefinite medical management will be less preferred.

Answer: we fully agree with this: a downstaging previous to surgical removal, instead of prolonged treatment should be the preferred option in such a chronic disease/tumor. Several considerations precluded the application of such surgery in this period of observation: 1) most patients had minor shrinkage, 2) the uncertainty of the benefits from secondary surgical treatment, 3) the reluctance of many patients to undergo surgery in this situation of uncertainty. It should be mentioned that the benefit of secondary surgery was not obvious in an exploratory sub-study of the niloGIST trial (Gelderblom et al. Lancet Oncol 2018), as now quoted in the discussion. This topic was expanded in the Discussion section. This important question needs to be addressed in a future study.

6\. While including many different locations, patients, and medical treatments increases the cohort size - I wonder if it provides instructive information for clinical application. For example - it may be more useful for us to know that in patients with 2 recurrences - following reasonable surgical efforts, use of a CSF1R specific drug resulted in durable PFD for x number of months. This is hard to do with so many different medications, patients, tumors, locations, etc. At a minimum should be discussed.

Answer: we agreed with this limitation. The rarity and intrinsic heterogenous nature of the clinical presentations of dTGCT makes it difficult to achieve homogenous population. A prospective collection would be required. Considering the rarity of the disease, we nonetheless felt that the real-life setting of this relatively large series, could guide the preparation of future prospective studies. We consequently clarified the limits of the study in a specific chapter of the discussion section in this revised version.

7\. No real limitations to the study are presented or discussed.

Answer: This is in the same line of thought as the comment above. We added a specific section on these questions at the end of the revised discussion.

8\. Some grammatical and stylistic issues need to be addressed. For example - on line 73 it reads \"\...the treatment of dTGCT by the.\" The sentence is unfinished.

Answer: Please accept our apologies for this, we made the appropriate corrections.

 

Reviewer \#2: This is a highly relevant topic, with a nice review of a single center\'s experience with anti-CSF1R treatment for diffuse tenosynovial giant cell tumor. This is an interesting and clinically applicable study population, though the variability of treatments, durations of treatments, and differences in context (compassionate use versus clinical trial) can confuse the interpretation of the findings. Some specific comments are included below:

Abstract \-- With a median follow-up of 30 months, the time to progression (TTP) is 56% at 30 months. That is not a time to progression. Please clarify. I think I understand the authors\' meaning, but it reads awkwardly.

Answer: we agree with this comment. We changed the text accordingly in the revised version: «With a median follow-up from the initiation of TKI of 30 months, the progression-free rate at 30 months is 56% for the 39 patients. »

\"Sequential therapeutic strategy should be explored in patients with multiple relapses.\" I am not sure that the results and findings of this retrospective analysis of only patients on treatment, including only 39 patients, with various therapies, mostly with short followup, is particularly strong in supporting this statement.

Answer: We agree with this comment, linked to the limitations of this study, and have downstated this statement in the revised version: « Sequential therapeutic strategy may need to be explored in patients with multiple relapses.»

The duration of treatment for many of these patients appear to be dictated by clinical trial. Perhaps this is an inaccurate assumption. However, that limits conclusions that can be drawn regarding duration of treatment.

Answer: This is indeed the case, the duration of treatment varied according to the context in which the treatment was given, with generally stringent and precise criteria for patients included in clinical trials, and more flexible approaches for off-label use. For this reason, no strong statements can be made on the optimal duration of treatment. This has been added in the discussion section

Some spelling errors were identified (line 136, for example). Not sure that "reprogress" is a word in the Oxford English Dictionary (line 209)

Answer: we made the corrections in the revised manuscript.

In reality, this is a study of 39 patients treated with anti-CSF1R therapy, rather than the 101 suggested, with a median duration of 7 months. There is no clear indication for consideration of the other 62 patients who were not on treatment. There is no comparison of the anti-CSF1R group to those off treatment, so the abstract and manuscript should really more accurately reflect that this is a study of 39 patients.

Answer: We agree that this is a study focusing on the 39 patients. We considered that it was important to mention that only a minority (39/101) of patients referred to us for a dTGCT were finally proposed for a systemic treatment. We detailed this in the abstract and in the text, and also added information on follow-up for the remaining 62 patients in the first chapter of the result section of this revised version.

If 15 patients progressed, but only 4 stopped first line therapy for progression, it begs the question: why didn't the other patients with progression stop first line treatment for that reason?

Answer: We agree that clarification is needed. These remaining patients actually progressed after TKI discontinuation. This was added in the revised version, Result section page 5.

Table 2 -- combining "Adverse Events" with \"patient request\" makes conclusions difficult; please also clarify "scheduled treatment discontinuation or ongoing treatment" -- as this would seem as though patients with ongoing treatment will be included in the reasons for discontinuation. The numbers don't seem to reflect that, though. Please clarify.

Answer: We agree that these points require further clarification. Combining adverse events and patient request came from the fact that adverse events justifying the request of interruption by patients were qualified by the patients themselves as minimal. For clarification, we keep AE in the table and describe this in the discussion. Table 2 has been modified for clarification.

We also agree that « scheduled treatment discontinuation or ongoing treatment » is unclear. This was replaced by « patients in whom the treatment was not interrupted because of progression or AE, or patients in whom treatment is still ongoing at the time of the analysis » in the revised version in Table 2.

Line 183 -- Please clarify how the two patients who started the same CSF1R inhibitor as second line therapy for either progression with symptoms or symptoms without progression would still count as second line therapy. At first glance, that would seem to be continuation on therapy if the antagonist is the same. Presumably, these are patients who completed treatment, demonstrated progression off treatment, and were re-started on therapy again. To include this scenario (relapse after completion of therapy) together with patients who progressed on therapy really confuses the overall analysis. This is a large limitation of the current study.

Answer: The reviewer is right: these are patients who completed treatment, demonstrated progression off treatment, and were re-started on therapy again. We respectfully would like to mention that this is generally reported as second line treatment in patients with advanced sarcoma receiving eg doxorubicin in first line interrupted after 6 courses. We applied the same logic here. Because few patients progressed during the treatment, this is actually the case for the majority of patients. We agree that this was not clear enough in the original version and have therefore amended in the Discussion section in this revised version.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

End of responses.

10.1371/journal.pone.0233046.r003
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Long term term follow-up of tyrosine kinase inhibitors treatments in inoperable or relapsing diffuse-type tenosynovial giant cell tumors (dTGCT).

PLOS ONE

Dear Dr. Blay,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

In response to the suggestions of the reviewers, please 1) rewrite to make it more obvious that this is a study of 39 patients who received either a TKI or an antibody targeting CSF-1R (this is not a study of all 117 patients referred to your center, nor of the 101 patients who had their diagnosis confirmed), and 2) revise the concluding paragraph to better clarify the \"take home message\" for clinicians.

We would appreciate receiving your revised manuscript by Apr 19 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

David M Loeb

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Table 1 presents the clinical characteristics of these patients, at diagnosis. As of Jul 1st 2019, with a median follow-up since diagnosis of 69 months, none of these 101 patients have died and 1 only required an amputation. 62of these 101 patients did not receive TKI or Ab during the observation period. With a median follow-up of 16 months for this cohort, 4 documented progression and/or worsening symptoms were reported between 25 and 38months (not shown)Conversely, 39 (39%) have received so far first line CSF1R TKI as compassionate use (imatinib, nilotinib,\...) other tyrosine kinase inhibitors or CSF1R Ab in early clinical trials (Table 1). The median duration of the first line treatment for these 39 patients was 7 months (range 1-30+). 35 of these 39 (89.7%) of patients stopped the treatment for another reason than volumetric progression. With a median follow-up of 30 months since TKI initiation, 15 (38%) presented a novel volumetric progression and/or worsening symptoms, 11 after treatment discontinuation. Tumor progression was reported in 13 of 15 (87%) and worsening symptoms only in n=2 (13%). Median time to progression (TTP) is not reached for these 39 patients: progression free rate was 56% at 30 months at the time of the analysis (Table 2 & Figure 1).

Is the manuscript technically sound, and do the data support the conclusions? (Answer options: Yes, No, Partly) Yes - particularly given that the paper is essentially a retrospective description of the responses to therapy. However, I feel the findings and the results are presented in a somewhat confusing manner. For example, it may be helpful to lay out n broad strokes how many patients ultimately responded to medical treatment overall, how many required 1st line therapy, 2 lines of therapy, etc. This would be a helpful take away message for clinicians and patients - which gets lost in the way the results are presented.

Has the statistical analysis been performed appropriately and rigorously? (Answer options: Yes, No, I don\'t know, N/A) Well - the statistics are really descriptive - although in methods they allude to comparison between subgroups and use of statistical software. Unless I am missing something, I think this is all descriptive and should be presented as such. There are no formal comparisons that I can see.

Reviewer \#2: Some grammatical errors remain, which could be easily edited

Some additional edits may be necessary: \"(imatinib, nilotinib,\...)\"

The manuscript is improved with the changes, though severe limitations remain. In the end, this is still a heterogeneous group of various therapies, in various locations, in a relatively small single center analysis.

The abstract and manuscript should clearly note that this is a study of 39 patients. Since the title suggests that this is an analysis of patients treated with tyrosine kinase inhibition, the abstract results section should lead with the 39 patients eligible, not the 101 screened. The first line of abstract results should read something like:

\"Overall, 39 of 101 histologically confirmed dTGCT treated at our institution received at least one TKI.\" The small number of actually included patients for the primary analysis seems to be buried into the middle of paragraphs, rather than highlighted.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0233046.r004
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Dear Editor,

We would like to thank again the reviewers for their attention to this work and their helpful comments which helped us to improve the quality of our manuscript.

Please find enclosed hereunder a revised version of the manuscript, making it explicit that this is a study on 39 patients with dTGCT. A revised version of the manuscript, tables and figures, with visible modifications and integrated modifications is downloaded on the PLoS One website.

We of course remain at your disposition for any further questions you may have on this work.

With kind regards,

Prof. JY Blay

###### 

Submitted filename: Responses.docx

###### 

Click here for additional data file.
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PONE-D-19-26498R2

Dear Dr. Blay,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

David M Loeb

Academic Editor

PLOS ONE

Additional Editor Comments (optional):
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PONE-D-19-26498R2

Long term term follow-up of tyrosine kinase inhibitors treatments in inoperable or relapsing diffuse type tenosynovial giant cell tumors (dTGCT).

Dear Dr. Blay:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. David M Loeb

Academic Editor

PLOS ONE
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